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PREFACE

This document, entitled Development of Noise Dose/Visitor Response Relationships for the National
Parks Overflight Rule: Bryce Canyon National Park Study, begins with an executive summary and
glossary. Section 1 presents a general overview, including the objectives of the study and background
of the dose-response* concept. Section 2 describes the park/site selection process, and contains'a
detailed description of the study area. Section 3 discusses instrumentation, both the acoustic-related
instrumentation and the survey-related instrumentation. Section 4 presents the measurement
procedures employed in the field. Section 5 discusses reduction of both the acoustic and survey-
related data, as well as the methodology used for computing the various noise-related descriptors and
for developing the master database used in the analysis. Section 6 describes the data analysis and

presents the results of the study. Section 7 presents related references.

Appendix A lists the members of the research team along with their responsibilities. Appendix B
contains information specific to the low-level noise measurement system developed by the Volpe
Center in support of this study. Appendix C presents the questionnaire used by the survey team.
Appendix D presents an analysis of ambient sound levels in Bryce Canyon National Park. Appendix
E presents a statistical summary of the responses to the questionnaire. Appendix F presents a
statistical summary of the dose-related data, including a presentation of the variability in the observed

acoustic doses.

* Terms contained in the Glossary are highlighted when they first appear in the main body of this document.
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Bryea Canyon National Park Study Lxecutive Summary

EXECUTIVE SUMMARY

This document summarizes the findings of a study investigating the effects of aircraft overflights on
Bryce Canyon National Park (BCNP) visitors. Over 900 visitor interviews and simultaneous
acoustical and meteorological measurements were collected during the period of August 19 through
27, 1997. These data and results constitute the largest single aircraft noise dose-response data set
collected to date in the National Parks’ environment and will be used to supplement other dose-

response studies in the development of a National Rule for National Park Overflights (National Rule).

Located in southwestern Utah, Bryce Canyon National Park was initially recommended by the
National Park Service (NPS) as a potential site for dose-response work in support of the National
Rule. An initial scoping visit was made to the park in June 1997. As a result of this visit, and the
subsequent collection of preliminary visitor and overflight information by BCNP personnel, it was
decided that the Queen’s Garden Trail was well suited for the study, with the rim trail between
Sunrise and Sunset Points reserved as a backup. Concurrent with the selection of the study area, the
John A. Volpe Center National Transportation Systems Center (Volpe Center) developed detailed

field-data-collection procedures and finalized the instrumentation configuration for the study.

As part of the planning process, a team was assembled including members from the Federal Aviation
Administration’s (FAA) Office of Environment and Energy (AEE-120), the Volpe Center Acoustics
Facility, the US Army Construction Engineering Research Laboratory, Environmental Transportation
Consultants, and Chilton Research Services. Subsequently, both the National Parks Overflights Rule
Draft Research Plan' (Master Plan) and the Study Design for Bryce Canyon National Park? (Study
Design) were produced and disseminated. In developing these documents, efforts were made to: (1)

ensure consistency with previous dose-response work performed in the National Parks; and (2)
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improve upon methodologies and techniques wherever possible. Following acceptance of the Study

Design by the NPS, the Bryce study was formally undertaken in August 1997.

The study site utilized was the Queen’s Garden Trail, a “short hike, frontcountry” trail that begins on
the rim of the canyon and descends more than 320 feet to the Queen’s Garden. The data collected
at this site greatly improve upon previous park dose-response data in that the uncertainty (i.e.,
statistical error) has been significantly reduced. This can be largely attributed to the large variation
in doses to which respondents were subjected in BCNP. For example, respondents were subjected
to doses from helicopters, propeller and jet aircraft, including a wide range of actual sound levels and
durations (i.e., time during which aircraft were audible). Such a large variation in doses was not
observed in previous park studies. The reason for such a wide variation in doses is twofold: (1) two
study areas, of different length, were utilized along the Queen’s Garden Trail (Queen’s Garden and
Queen’s Garden Extended), thus increasing the possible range of observed dose values; and (2) there

is a significant amount of varying air tour traffic over the park flying a wide range of flight tracks.

The findings of this study indicate that approximately one-quarter of the survey respondents expressed
annoyance as a result of overflight noise, which included contributions from high-altitude jets,
General Aviation, and air tour operations at BCNP. The level of visitor annoyance is mediated by
the phenomenon of "base level of annoyance", indicating an apparent predisposition by a certain
percentage of visitors who expressed annoyance yet in effect experienced no noise from overflights.
It is also interesting to note that visitors as a whole reported a number of other factors besides
overflight noise as their primary concern (e.g., the crowds/other people, trail conditions, weather,

seeing footprints or people off the trail, lack of restroom facilities).
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The relationship between visitor annoyance due to aircraft overflights and a total of fourteen time-,
level- and event-based descriptors was investigated through statistical analyses for this study. In
particular, three descriptors appear to model park visitor annoyance at BCNP better than others; in
order of performance they are: change in sound exposure level (AL, 1.q); aircraft percent time
audible (%TA), and aircraft percent time audible without the inclusion of high-altitude jet aircraft
(%TA,e)- The predicted models developed with the equivalent sound level family of descriptors
also performed quite well. Additionally, the effect of several covariates, including U.S. citizenship,
gender, group-size, and presence of children was investigated. The citizenship covariate was not
found to significantly improve the predictive abilities of the models. The other covariates were found
to have a positive effect. It is recommended, however, that further research be undertaken before the
overall usefulness and practical application of these covariates can be determined with respect to the

National Rule.

Logistic regressions were developed for all data collected. Multiple statistical models were developed
and the effect of various mediators analyzed. The end result of this study is a set of dose-response
relationships (curves) which may be used to provide guidance in important policy decisions with
respect to park overflights. Further, there are now field-tested and proven methodologies for the

collection and analysis of dose-response data in the National Parks.

As a result of the analyses performed in support of this study, improvements are planned for future
dose-response work in the National Parks, including enhancements to the questionnaire and
improving the portability of field instrumentation. Efforts are also being undertaken to shorten the
duration needed for administering the questionnaire, as well as to enhance the quality of the specific

data collected with the questionnaire.
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Knowledge gained from this study has also aided in the development of Draft Guidelines for the
Measurement and Assessment of Low-Level Ambient Noise.’ This draft document presents detailed
procedures for characterizing the ambient sound level environment in low-noise areas such as
National Parks. Application of these guidelines will result in the collection of consistent, repeatable
ambient sound level data in these environments. Specifically, it discusses in detail, issues related to
determining acoustically unique categories for low-level ambient sound environments, appropriate
instrumentation and procedures required for measurements, and various methodologies for data
analysis. Accordingly, in addition to the analysis of dose-related acoustical data for BCNP, an

analysis of ambient sound levels at the park is included in the current study.

With respect to advancing the knowledge-base in preparation for a National Rule, it is recommended
that data of similar quality to those measured for this study be collected for both scenic overlook
locations and backcountry, longer-hike locations within the National Parks. Given dose-response
data for all these scenarios, policy-makers at both the FAA and NPS should have the tools necessary

to make informed decisions related to park overflights.
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GLOSSARY

This section presents pertinent terminology used throughout the document. These terms are
highlighted with boldface type when they first appear herein. Note: Definitions are generally
consistent with those of the American National Standards Institute (ANSI)* and References 5 through
7.

Term/Acronym Definition/Full Name
A-Weighted A weighting methodology used to account for changes in human hearing

sensitivity as a function of frequency. The A-weighting network de-emphasizes
the high (6.3 kHz and above) and low (below 1 kHz) frequencies, and
emphasizes the frequencies between 1 kHz and 6.3 kHz, in an effort to simulate

the relative response of human hearing.

Acoustic Energy Commonly referred to as the mean-square sound-pressure ratio, sound energy,
or just plain energy, acoustic energy is the squared sound pressure (often
frequency weighted), divided by the squared reference sound pressure of 20
1Pa, the threshold of human hearing. It is arithmetically equivalent to 10EV*1°,

where LEV is the sound level, expressed in decibels.

Ambient Noise The composite, all-inclusive sound that is associated with a given environment
(usually from many sound sources), excluding the analysis system’s electrical
noise and the sound source of interest, which in most cases presented herein is

aircraft. See Appendix D for a more detailed discussion of ambient noise.
Annoyance The typical response of humans to aircraft noise is annoyance. The response is

complex and, considered on an individual basis, widely varying for any given
noise level. Frankel defines annoyance as “a psychological response to a given
noise exposure”. It may result from speech interference, but can arise in a

variety of other circumstances.

Audibility - The ability of a human observer to detect an acoustic signal in the presence of

noise (e.g., aircraft detection in the presence of ambient noise).
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Backcountry Any location in a study area subject to minimal human activity, such as
designated wilderness areas or restricted, hiking and camping areas (destinations

generally located 1 hour or more from frontcountry locations).

Commercial tour and sightseeing Any aircraft operation with a primary purpose of providing scenic views of an
aircraft area and whose primary objective is passenger revenue.
Day-Night Average Sound Level (DNL, denoted by the symbol L,): A 24-hour time-averaged sound exposure

level (see definition below), adjusted for average-day sound source operations.
In the case of aircraft noise, a single operation is equivalent to a single aircraft
operation. The adjustment includes a 10 dB penalty for operations occurring
between 2200 and 0700 hours, local time.

Decibel (abbreviated dB): The decibel is a unit of measure of sound level. The number

of decibels is calculated as ten times the base-10 logarithm of the squared sound
pressure (often frequency weighted), divided by the squared reference sound

pressure of 20 «Pa, the threshold of human hearing.

Detectability The ability of a given signal to be detected in the presence of some type of noise
(not necessarily related to audible signals, e.g., the detection of a radio signat in

the presence of noise).

Dose-response Quantitative dose data (in this case noise data measured in the ficld), correlated

with qualitative response data (in this case visitors’ responses to a

questionnaire).
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Equivalent Sound Level (TEQ, denoted by the symbol L.z, also often referred to as LEQ): Ten times
the base-10 logarithm of thé time-mean-square, instantaneous A-weighted sound
pressure, during a stated time interval, T (where T=t,-t,,in seconds), divided by
the squared reference sound pressure of 20 uPa, the threshold of human

hearing,

L seqy is related to L,g by the following equation:

Lpeqr = Lag - 10 x log,o(t-t;) ) (dB)
Where L, = Sound exposure level (se;e definition below).

The L, for a specific time interval, T1 (expressed in seconds), can be

normalized to a longer time interval, T2, via the following equation:

Laeqr2 = Lacgri - 10 x log;o(T2+TT) (dB)

Frontcountry Any location in a study area subject to substantial human activity, such as scenic
overlooks, visitor centers, recreation areas, or destinations reached by short

hikes (1 hour or less).
INM Integrated Noise Model, the noise modeling system designed and used by the

FAA, as well as over 500 users worldwide, for noise assessment and prediction.
Low-Level Noise Environment An outdoor sound environment typical of a remote suburban setting, or a rural

or public lands setting. Characteristic average day-night sound levels (DNL,
represented by the symbol L) would generally be less than 45 dB, and the

everyday sounds of nature, e.g., wind blowing in trees and birds chirping would

be a prominent contributor to the DNL.
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- Maximum Sound Level (MXFA or MXSA, denoted by the symbol L gy, OF L gy, respectively): The
maximum, A-weighted sound level associated with a given event (see figure
with definition of sound exposure level). Fast exponential response (L opy,) and
Slow exponential response (L asnm,) characteristics effectively damp a signal as
if it were to pass through a low-pass filter with a time constant (t) of 125 and

1000 milliseconds, respectively.

Natural quiet The natural sound conditions found in a study area. Natural quiet is a subset of
ambient noise. Traditionally, it is characterized by the total absence of human
or mechanical sounds, but includes all sounds of nature, such as wind, streams,
and wildlife. In a park environment, the National Park Service (NPS) on Page
74 of its Report to Congress defines natural quiet as the absence of mechanical
noise, but containing the so.unds of nature, such as wind, streams, and wildlife,
as well as human-generated “self-noise” (e.g., talking, the tread of hiking boots

on the trail, a creaking packframe, the rattle of pots or pans).
NODSS National Parks Service Overflight Decision Support System, the noise modeling

system used by the NPS for noise assessment and prediction.

Noise Broadly described as any unwanted sound. “Noise” and “sound” are used

interchangeably in this document.

Noise dose A measure of the noise exposure to which a person is subjected.

Noticeability The difference in noise level (above detectability) at which a representative

individual engaged in a particular activity other than listening for a particular

sound source (e.g., aircraft) becomes aware of the source without other cues or

prompts.
Offset Calibration A method used to adjust some conventional acoustic instrumentation for

Technique accurately measuring and storing extremely low sound level data.
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1. Introduction

The Federal Aviation Administration’s Office of Environment and Energy (FAA/AEE), with the
assistance of the Acoustics Facility at the United States Department of Transportation’s John A.
Volpe National Transportation Systems Center (U.S. DOT/Volpe Center), as well as others (see
Appendix A for a complete list of thé study team along with their specific responsibilities), is
conducting research in support of the National Parks’ Overflight Rule (National Rule).! The
foundation of the research program for the National Rule is the collection and analysis of noise
dose/visitor response (dose-response) data in the parks. This document summarizes the results of a
dose-response study conducted along a frontcountry, short-hike trail at Bryce Canyon National Park

(BCNP) during the period August 19 through 27, 1997.

1.1 Objectives
The specific objectives of this study were:
(1)  To quantify park visitors’ reactions to commercial tour overflights; and

(2)  To collect additional data for the development of low-level noise assessment in

support of a National Rule on overflights in the National Parks.

Park visitors’ reactions were quantified by relating noise (dose) and visitor (response)
mathematically, i.e., through dose-response curves. Statistical analysis was used to determine which

noise descriptor(s) correlate best with the visitor response data.

A more general all-encompassing objective was to determine, based on the results of this study, if the
dose-response concept could be successfully used in a National Park environment and was a viable

approach for establishing a National Rule for regulating park overflights.
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1.2  Background and Overview of Dose-Response Concept

The need for predicting annoyance (response) in individuals and communities resulting from
environmental noise (dose) was first realized when jet aircraft were introduced into the United States
military fleet in the 1950s. This introduction was accompanied by adverse reactions from many
communities surrounding air bases; and airbase planners needed a tool to predict the strength of the
community reaction resulting from specific exposure levels. Researchers began surveying nearby

communities about their attitudes towards the aircraft noise while developing measurement methods

and descriptors which would describe the noise.®

The advent of civilian air travel brought about a more concerted effort in this field, resulting in dozens
of social surveys, conducted around the world, during the 1960s and 1970s.” These surveys were
based on the premise that a measure of how noise interferes with people’s lives can be obtained by
relating their qualitative response to a series of questions about the noise to the quantitative sound
level. These data were generalized, and used to determine the proportion of a given population which
was annoyed when exposed to similar sound levels, or noise doses. Unfortunately, there was little
communication among researchers, resulting in numerous dose descriptors and response measures.

For these reasons, direct comparison of the results between these studies was not possible.

In 1978, Schultz undertook the task of converting the dose measures to a common noise descriptor
and harmonizing the responses.'® The result was a compilation of 11 studies (ten of which were
conducted in European countries) which included a single dose-response relationship. It relates the
day-night average sound level (DNL, denoted by the symbol L,,) to the‘percent of the population
which is highly annoyed. Additional data from U.S. studies were later added to this compilation, and

the relationship was refined. The relationship is still the basis for many current federal noise-related

regulations. -
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As stated earlier, numerous scales on which the respondents were asked to base their judgements were
used by the early researchers. There were differences in both the wording of the responses and the
number of points on the associated scale. The wording of the response scales usually ran from
variations of “not at all annoyed” to “very much annoyed.” Sometimes, the wording of the
categories at the top end of the scale was extreme, such as “altogether intolerable” or “quite
unbearable.” This caused problems, because most people would not rate their noise annoyance at the
top end of these scales. Schultz based his dose-response relationship on the percent of the people
who were “highly annoyed”; corresponding to approximately the top 27 percent of the scale. Percent
highly annoyed has proven to be a very reliable measure of the average response of a population,'!

and has been used in the majority of recent dose-response research.

The number of points on the response scales ranged from as few as four to as many as eleven. In
most of the studies that used between seven and eleven points, the responses tended to cluster around
three points (the two extremes and the middle), showing that most people do not use the full range
of the scale. Recently, there has been more consistency in the wording and number of points on the
scales. Most of the major airport noise studies in the U.S. have used a 5-point scale, ranging from

“not at all annoyed” to “extremely annoyed,”'? with the top two categories traditionally representin
y y Y p g yrep g

those that are “highly annoyed."*

As stated earlier, a wide range of noise exposure, or “dose” descriptors have been used in past efforts.

The majority of these descriptors, including Ly,, are based on an average of the total sound energy

* It is important to point out that the dose-response studies conducted to date in the parks departed from the
traditional approach of representing “annoyance” with the top two categories of the traditional five-point scale.
In these studies the top three categories were used. For consistency, the BCNP study also used the top three
categories for representing “annoyance.”
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over time, according to the equal-energy principle. This principle is based on the hypothesis that
people are equally annoyed by short duration, high level sounds as compared with long duration, low-
level sounds. Other dose descriptors that have been used are percentile descriptors, such as L;, and
Ly, counts, number/count-based descriptors, and maximum noise levels. However, these descriptors

have provided little improvement in the correlation between dose and response.

In the early surveys, it was observed that the correlation between the noise exposure and the
individual responses was poor; typical correlation coefficients ranged between 0.3 and 0.4 for the
Schultz study. Little headway has been made in improving this correlation. Methods such as
combining the answers to several questions and rewording the questions have made little difference.
There are two reasons for this. First, there are many psychological factors in addition to the physical
noise exposure which contribute to a person’s perception of annoyance. Secondly, scales of human
response yield ordinal data; there is no way to determine how much more annoyed “highly annoyed”
is as compared with “moderately annoyed.” Most popular statistical measures such as means,
standard deviations, and regression analyses inherently assume that the data are in an interval scale.
To try to eliminate this inherent error, responses are often dichotomized for analysis, i.e., respondents

are either highly annoyed or not highly annoyed."

The dose-response relationships developed by Schultz and others'* have now been widely accepted
as accurate predictors of the community response to environmental noise in residential settings.
Unfortunately, these relationships do not extend to predicting the response of individuals in low-level
environments,'® and therefore are likely invalid when predicting the annoyance of park visitors to
aircraft noise. Predicting the annoyance for this specific segment of the population is currently the

focus of several research efforts in response to Public Law 100-91.
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In 1992, a group of studies were performed by the NPS at Grand Canyon, Haleakala, and Hawaii
Volcanoes National Parks.'® The primary result of these studies is a series of curves which relate two
dose descriptors, aircraft equivalent A-weighted sound level (TEQ, denoted by the symbol L) and
percent time audible, to two response measures, percent of visitors annoyed and percent of visitors
who judged that the sound from aircraft interfered with their appreciation of natural quiet. The use
of dose descriptors which deviate from the de facto standard of L,, was necessary because park
visitors are usually in the park during the daytime for significantly less than 24 hours and have no
prior knowledge of the park’s noise environment. In 1997, a similar dose-response study was
performed by the United States Air Force (USAF) at White Sands National Monument. The results
of that study are currently being prepared.

1.3  Implementation of Dose-Response Concept

Figure 1 presents graphically a typical dose-response relationship. Measured dose values (i.e., noise
descriptors in this study) are plotted on the x-axis, and the corresponding response values (i.e., percent
of visitors annoyed by aircraft) are plotted on the y-axis. Shown in the figure is the predicted dose-
response curve. The curve is represented by a solid line over the range of actual field-measured data,
and a dashed line for portions of the curve extended beyond the range of measured data. The
intersection of the predicted curve and the y-axis represents the base level of annoyance, or the
percent of park visitors annoyed by aircraft noise, even when there is no aircraft noise present.
Intuition might lead one to believe that the base level of annoyance should be zero percent, i.e., when
there are no aircraft, zero percent of park visitors should be annoyed by aircraft noise. This would
be the case in an ideal study. However, the current study, as well as most of the aforementioned
studies, have documented a non-zero base annoyance level. Possible reasons for this counterintuitive
behavior are discussed in more detail in Sections 6.2.3 and 6.3.1. Confidence interval limits,

indicating the region of a particular certainty, are also often included.
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Figure 1. Illustration of the Dose-Response Concept

The simplest implementation of this curve is best illustrated by an example. The first step in utilizing
this relationship is choosing an appropriate value on the y-axis for the percentage of annoyed park
visitors. This value is designated by the point labeled 1 in the figure. (Determination of an
appropriate value is beyond the scope of the current study and is a matter for decision-makers.) A
horizontal line can then be drawn from Point 1 to Point 2, the intersection of the line and the predicted
curve. A vertical line can then be drawn from Point 2 to Point 3, the intersection of the line and the
x-axis, defined by the particular noise descriptor. The interpretation of such an exercise is that to
ensure that the percentage of annoyed park visitors is less than or equal to the value at Point 1, the
noise-related descriptor must be equal to or less than the value at Point 3. By using this information

and process, an effective methodology can be developed to manage airspace in a National Park.
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2. Selection and Description of Study Area

In early 1997, the research team initiated the process of identifying the most suitable National Parks
in terms of cdnducting dose-response measurements in support of the National Rule. Obviously, this
process required joint support from the NPS. Consequently, based on informal discussions and a
follow-up formal FAA request for a minimum of two candidate parks, the NPS recommended: the
Great Smokey Mountain National Park (GSMNP) and Bryce Canyon National Park (BCNP).
GSMNP was immediately discarded by the research team because there was only one operator
offering commercial air tours of the park, introducing a significant risk that should the operator cease
operations during the study, an insufficient amount of quality dose data would be obtained. As a
result, BCNP and Grand Canyon National Park (GCNP) as proposed by the FAA, became the main
focus of the research team. Subsequently, the FAA dose-response study proposal for GCNP was not
accepted by the NPS, leaving BCNP as the sole research site.

BCNP is located in southwest Utah, approximately 80 miles east of Cedar City, Utah and 270 miles
south of Salt Lake City, Utah. It was originally established as a National Monument in 1923, and
later upgraded to a National Park in 1928. It is 18 miles (29 km) long and at its narrowest point just
about a mile (1.6 km) wide. Elevations in the park range from 6600 to over 9100 ft. (2012 to 2774

m). The park encompasses an area of more than 35,000 acres (see Figure 2).

Each year the park is frequented by more than 1.7 million visitors from all over the world, with peak
visitation occurring between the months of May and October. Historical data shows that visitation to
BCNP is increasing at a rate of about 10 percent per year, and approximately 43 percent of the visitors
are foreign. BCNP is truly a year-round park, offering over 50 miles (80 km) of hiking and horseback

riding trails in the summer, and cross-country skiing, and snowshoeing trails in the winter.
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Following the NPS recommendation, the research team examined the viability of conducting dose-
response measurements at BCNP. This effort included preliminary investigation into aircraft and

visitor activity at BCNP, and a scoping visit to meet with park personnel.

2.1 Selection Criteria

As a part of the site selection process at BCNP, the research team identified three criteria for judging

the acceptability of a proposed dose-response study area. These criteria are as follows:

Aircraft Activity: Aircraft activity defines the dose portion of dose-response measurements.
In that regard, aircraft activity is essential to a successful dose-response study. However, it’s -
not simply a case of the more aircraft, the better. From the standpoint of aircraft activity, the
most important aspect to ensuring a successful dose-response study is to have a wide range
in the observed doses, which would in turn result in a wide range in responses, and a more
statistically-reliable and complete dose-response model. That is to say, an ideal measurement
site will have periods in which there are a lot of aircraft (e.g., several dozen per hour) and
periods in which there are none, or preferably just a few. In addition, aircraft proximity to the
study area, as well as the associated aircraft sound level should vary substantially. Without
variability in the dose, the result is a set of data which will likely be clustered over a very

small range, thereby greatly diminishing the value of the resultant dose-response relationship.

Visitor Activity: Park visitors provide the response portion of the dose-response
measurements. In that regard, the best case scenario is to have a site in which the visitor
volume was high enough so as to keep a survey team of five constantly conducting interviews.

Assuming four completed interviews per surveyor hour, the ideal visitor volume
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would be about 20 groups per hour (4 interviews per surveyor hour multiplied by 5

surveyors). On an ideal day the targeted volume would yield about 125 to 150 interviews.

Weather: Weather was somewhat of a secondary component, with precipitation being the
primary concern. The goal was to try to avoid study areas and times of the year that were
subject to a significant amount of precipitation, as acoustic measurements are not possible

during these periods. -

Prior to formal discussions with personnel at BCNP, the research team did some preliminary
investigation into each of the above criteria within the context of BCNP, to determine the viability

of conducting dose-response measurements in the park.

With regard to aircraft activity the research team contacted Utah Department of Transportation
(UTDOT),"” which had conducted a study of operational activity at the Garfield County-owned Bryce
Canyon Airport in 1994. The study found that there were 4410 operations at the éirport in 1994.
Using a historically based growth rate of 4.5 percent per year, the total operations for 1997 were
estimated to be just over 5000, with approximately 75 percent of the operations occurring between
mid-May and mid-September. Aésuming the operations were relatively consisté,nt from day-to-day
during the 4-month period, about 30 operations per day could be expected, not including helicopter
tours operating out of one of the local hotels. According to the 1994 UTDOT study, the primary
aircraft operating out of Bryce Canyon Airport included single-engine Cessna 182s, 172s and 206s
(55 percent of total operations), twin-engine DeHaviland DHC-6s and single-engine Cessna 208s,
which the study grouped into the twin-engine category because of the methodology used for aircraft
identification (37 percent), Bell 206s and Enstrom 280s (8 percent), and a few small jet aircraft. The
majority of the aircraft activity in BCNP supports the commercial air tour industry, i.e., sightseeing

operations in the park.
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While many of the operators are stationed at Bryce Canyon Airport which is about 4 miles to the
north of the main entrance to the park, additional helicopter tour flights are offered from Ruby’s Inn,
the largest hotel in the immediate vicinity of the park. UTDOT estimated that the helicopter

operations documented in their 1994 study would increase by a factor of three to four if the

hotel-based operations were considered."”

After speaking with area hotels and vacation tour companies, as well as through further discussions
with UTDOT regarding its study, which included surface transportation in addition to air traffic, the ‘
research team concluded that visifor volume to BCNP would not be a concern. However, it was
recognized that further detailed iﬁformation was needed if a specific study area was selected in the

park.

Based on historical data, it was also concluded that weather should be of little concern since average
temperatures in the July/August time frame were typically in the middle to high 70s; and with the
exception of a late afternoon shower, precipitation in July/August tends to be quite low. NPS did

express the possibility of a wetter season than usual due to EI Nifio weather patterns.

2.2  Scoping Visit

As discﬁssed above in Section 2.1, preliminary investigatibn led to the conclusion that BCNP may
very well be a viable location for a dose-response study aﬁd further investigation was warranted.
Consequently, during the period of June 17 through 18, 1997 several members of the research team
conducted a site-scoping visit to BCNP for the purpose of discussing with NPS personnel possible
dose-response measurements in the park. An additional purpose of the visit was to identify potential
study areas in the park. The two-day visit consisted of round-table discussions on the 1’7“‘, and visits

to prospective sites on the 18™. Discussions were conducted with park personnel including BCNP
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Superintendent, Mr. Fred Fagergren, his Chief of Resource Management, Mr. Richard Bryant, and -
Mr. Doug Neighbor, Acting Chief of Resource Management in Mr. Bryant’s absence.

Topics of discussion during the two-day visit included: (1) aircraft activity at BCNP; (2) visitor -
activity at BCNP; (3) expected weather conditions in the July/August time frame; (4) the procedures
for obtaining approval for performing measurements in the park, including the requirements for a
research test plan and a survey approved by the Office of Management and Budget (OMB); and (5)

proposed measurement sites.

In terms of the first three discussion topics, BCNP personnel essentially confirmed the information
the research team had assembled in its preliminary investigation. Park personnel indicated that peak
visitation occurs daily between 0800 and 1300, and that in the July/August time frame an afternoon

thunderstorm is almost guaranteed.

The approval process for conducting survey work in BCNP included a formal study design and
application, and an OMB-approved questionnaire. The research team indicated that the study plan
was currently in preparation and would be submitted within the next two weeks, and that the
questionnaire had been approved by OMB for use through November 30, 1997 (OMB approval has
since been extended through September 30, 2000 -- Permit #2120-0610).

On June 18", BCNP personnel led the research team on a tour of candidate sites in the park,
including, from north to south, Fairyland Point, Sunrise Point, Sunset Point, Inspiration Point and
Bryce Point (see Figure 2). In addition to these overlooks, short excursions were taken down many
of the connecting trails. Locations south of Bryce Point were not visited, based on discussions with
BCNP personnel. They indicated that the majority of air tours do not proceed south of Bryce Point,

and the visitor volume is reduced somewhat beyond this overlook. The consensus of the research
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team was that the rim trail connecting Sunrise Point to Sunset Point, and the Queen’s Garden Trail,

which descends into the canyon from Sunrise Point, offered the most promise in terms of a successful

dose-response study.

During the scoping visit few aircraft Were observed. The lack of observed aircraft lead to a concern
on the part of the research team regarding the usefulness of the park for dose-response research. The
concern was so great that the subject of alternative parks (e.g., Mount Rushmore National Park and
Glacier National Park) was discussed with NPS personnel from the Denver office who also attended
the meeting. However, BCNP personnel indicated that the hotel-based helicopter tour operator was
not in operation during the scoping visit, and that this operator accounted for a significant percentage
of the tours at BCNP. BCNP personnel offered to collect some preliminary data pertaining to both
aircraft and visitor activity over the next several weeks to verify acceptable levels of aircraft traffic.

The research team decided that definitive selection of BCNP hinged upon this preliminary data.

Additionally, at the two-déy meeting, BCNP personnel provided the research team with ancillary
material which would further facilitate planning of dose-response measurements in the park. It

included area maps, aerial photographs, and historical data on visitor demographics.

2.3  Description of Selected Study Area

Table 1 presents the results of the visitor volume and aircraft counts collected by the BCNP personnel
subsequent to the research team’s scoping visit and prior to the actual study. Specifically, between
the hours of 0700 and 1400, aircraft were audible at least 31 and sometimes as much as 88 percent
of the time -- potentially providing for a good range in observed doses. During that same time period,
visitors descended the Queen’s Garden Trail at a rate of between 10 and 18 groups per hour (based
on the five-day average summary, just under the pre-established target rate of 20 groups per hour (see

Section 2.1).
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Table 1. Preliminary Data on Aircraft and Visitor Volume at Queen’s Garden Trail

R
&

7112197 7 6 25 32 2 1.5
7/12/97 28 6 6 34 6 3.3
7/14/97 18 13 13 31 8 3.2
7/14/97 33 32 52 85 12 2.6
7/14/97 29 5 27 56 12 3.3
7/14/97 20 13 44 64 15 2.8
7/15/97 2 30 61 63 18 2.3
7/15/97 14 5 47 61 15 2.9
7/15/97 26 28 62 88 4 2.2
7/16/97 39 0 11 50 19 2.7
7116/97 76" 6 7 83 26 2.5
7/18/97 30 7 16 46 15 25
7/18/97 27 4 20 47 19 3.0
— o
Five-Day Average Summary By Hour

0700 to 0800 10 21 6 16 38 10 2.5

0800 to 0900 7 46 15 22 67 15 2.8

0900 to 1000 15.5 | 30 6 22 51 14 2.9

1000 to 1100 235 | 24 9 32 56 17 2.9

1100 to 1200 31 2 30 61 63 18 2.3

1200 to 1300 14 5 4

source: BCNP Personnel

Although radar tracking data was not available for the BCNP area, park personnel indicated that flight
tracks were generally flown in a north-to-south loop, due primarily to the long thin “footprint” of the
park. Additionally, the research team acquired, through diséussions with the Ruby’s Inn Air Tour
Operator, typical routes for the helicopter tours operating out of Ruby’s Inn. As can be seen from
Figure 3, the nominal flight tracks for these tours were generally north-to-south loops in close

proximity to the Queen’s Garden Trail, further offering promise for a successful study.
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Taking all of these factors into account, the research team concluded that Queen’s Garden Trail would
be the primary study area, with the rim trail between Sunrise and Sunset Point reserved as backup.
Queen’s Garden Trail is a short, 0.9-mile (1.4 km) route that drops about 320 ft. (97.5 m) below the
canyon rim. It begins at Sunrise Point and terminates at the Queen’s Garden. It is considered to be

a short hike frontcountry trail of moderate hiking difficulty.

2.4  Noise Measurement and Interview Sites

Pending some limited field measurements to determine viability (See Section 4.1.1), the planned
measurement microphone location, as shown in Figure 4, was to be approximately 200 ft. (61 m) to
the north-northeast of the trail, about halfway down from Sunrise Point. The specific location was
atop a small bluff with good visibility of the sky and no reflecting objects in the immediate vicinity.
The bluff was primarily sandy soil with sparse vegetative cover. Positioned on the bluff, the
microphone would be somewhat shielded visually from the trail by sparsely scattered coniferous

trees.

The position on Figure 4 marked “QGT” (i.e., Queen’s Garden Trail) was the location of the
interview team for measurements made between August 19" and 23™. It was about 0.7 miles (1.1 km)
down the trail from Sunrise Point, essentially right at the junction of the horse trail. For
measurements made between August 24™ and 27" the interview team was positioned at the location
marked “QGTX” (i.e., Queen’s Garden Trail Extended). This site was just a few hundred feet before
the end of the trail, at the junction of the Navajo Loop trail. The field estimated time for visitors to
descend QGT and QGTX was 20 and 30 minutes, respectively (Actual average times based on all data

collected turned out to be 19.1 and 31.2 minutes, respectively).
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The locations earmarked for the interview team were somewhat of a natural stopping point for visitors
because each was situated at the junction of another trail. These locations were also considered
attractive because the trail was generally flat at these points and somewhat wider than other locations
considered. In addition, the QGTX site in particular offered considerable shade in which interviews

could be conducted.

Audible sounds observed along QGT and QGTX included the sounds of nature, visitor noise (i.e.,
footsteps, talking, and the rattle of equipment and supplies), aircraft, park trail-maintenance vehicles,

and distant roadway traffic.

2.5 Research Team

Appendix A lists the members of the research team along with their responsibilities.
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Bryce Cangon National Park Study Instrumentation

3. Instrumentation

This section describes both the acoustic and survey-related instrumentation.

3.1 Acoustic-Related Instrumentation

Documented sound levels measured in the National Parks under low wind conditions often approach
the threshold of human hearing.'® Consequently, special acoustic instrumentation is needed to
accurately measure such low levels. This section discusses the acoustic instrumentation system used
during the dose-response study at BCNP. Presented in Appendix B are detailed technical

specifications for the system.

3.1.1 Microphone, Preamplifier and Windscreen

A microphone transforms sound-pressure variations into electrical signals, that are in turn measured
by instruments such as a sound level meter (SLM) or a one-third octave-band analyzer (spectrum
analyzer), and/or recorded on tape or some other media. The microphone in most conventional
acoustic systems is cap